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Purpose  of  review 

Mortality  from  trauma  remains  a  global  public  health  challenge,  with  most  preventable  deaths  due  to 
bleeding.  The  recognition  of  acute  traumatic  coagulopathy  as  a  distinct  clinical  entity  characterized  by 
early  coagulation  dysfunction,  arising  prior  to  medical  intervention,  has  revolutionized  trauma  management 
over  the  last  decade.  The  aim  of  this  article  is  to  review  our  current  understanding  of  acute  traumatic 
coagulopathy. 

Recent  findings 

We  focus  on  recent  advances  in  the  mechanistic  understanding  of  acute  traumatic  coagulopathy, 
particularly  the  changes  in  coagulation  factors,  physiological  anticoagulants,  endothelial  activation, 
fibrinolysis  and  platelet  dysfunction.  Evolving  diagnostic  and  therapeutic  approaches  are  discussed, 
including  viscoelastic  coagulation  monitoring  and  the  role  of  tranexamic  acid  and  blood  products. 

Summary 

Emphasis  is  now  placed  on  early  prevention,  diagnosis,  and  aggressive  initial  treatment  of  coagulopathy 
and  fibrinolysis  with  haemostatic  blood  products  and  tranexamic  acid  in  addition  to  red  cell  units  in  order 
to  reduce  bleeding  and  improve  clinical  outcomes. 
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INTRODUCTION 

Mortality  from  trauma  is  a  major  global  health  issue, 
causing  over  4  million  deaths  a  year  [1],  Most  poten¬ 
tially  preventable  deaths  are  due  to  bleeding,  especi¬ 
ally  in  wartime,  but  immediate  management  has 
changed  dramatically  and  improved  outcome  [2J. 
This  article  will  focus  on  our  current  understanding 
of  acute  traumatic  coagulopathy  (ATC). 

WHAT  IS  ACUTE  TRAUMATIC 
COAGULOPATHY? 

The  past  decade  has  seen  an  explosion  of  publications 
describing  an  entity  variously  termed  'acute  trau¬ 
matic  coagulopathy'  (ATC),  'acute  coagulopathy  of 
trauma  shock',  or  'trauma  induced  coagulopathy,' 
describing  an  early  coagulopathy  associated  with 
high  bleeding  risk  and  poor  outcomes  (Table  1) 
[3-12J.  There  is  uncertainty  about  the  underlying 
pathophysiological  mechanisms  and  whether  trau¬ 
matic  injury  induces  a  unique  coagulopathy  when 
compared  with  other  forms  of  major  haemorrhage 
(e.g.,  obstetric  or  vascular)  because  no  comparative 
studies  have  been  undertaken.  Nevertheless,  the  rec¬ 
ognition  that  early  coagulation  changes  following 


trauma  portend  poor  outcomes  has  radically  altered 
trauma  resuscitation  and  improved  outcomes  [13]. 

CLASSIFICATION  AND  NAMING  OF 

TRAUMA-ASSOCIATED 

COAGULOPATHIES 

There  are  different  approaches  to  classifying  ATC, 
including  by  timescale  in  which  temporal  phases  are 
described.  The  first  phase  is  an  immediate  activation 
of  multiple  haemostatic  pathways,  including  fibri¬ 
nolysis,  in  association  with  tissue  injury.  The  second 
phase  is  due  to  therapy-related  factors  during 
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KEY  POINTS 

•  Traumatic  injury  generates  an  acute  coagulopathy 
defined  usually  by  a  prolongation  of  the 
prothrombin  time. 

•  ATC  is  associated  with  increased  morbidity 
and  mortality. 

•  The  pathogenesis  of  ATC  relates  to  excessive 
stimulation  of  fibrinolysis  and  coagulation,  changes  in 
platelet  function,  and  generation  of  microparticles. 

•  We  argue  that  the  changes  of  ATC  are  not  driven 
by  aPC. 


resuscitation,  and  postresuscitation  there  is  an  acute 
phase  response  leading  to  a  prothrombotic  state, 
predisposing  to  venous  thromboembolism.  In  some 
patients,  especially  if  resuscitated  late  or  inad¬ 
equately,  disseminated  intravascular  coagulation 
(DIC)  may  ensue. 

The  concept  of  ATC  stems  from  the  recognition 
that  a  prolonged  prothrombin  time  (PT)  and/or  acti¬ 
vated  partial  thromboplastin  time  (APTT)  at  hospital 
admission,  prior  to  resuscitation,  is  associated  with  a 
three-fold  to  four-fold  higher  mortality  rate  and  is 
independently  associated  with  increased  transfusion 
requirements,  organ  injury,  septic  complication,  and 
critical  care  length  of  stay  [4],  This  supports  the 
rationale  for  giving  traumatic  coagulopathy  a  distinct 


name  to  emphasize  these  clinically  important  asso¬ 
ciations.  For  the  purposes  of  this  review,  the  term 
ATC  will  be  used. 

THE  CUNICAL  RELEVANCE  OF  ACUTE 
TRAUMATIC  COAGULOPATHY 

The  role  of  ATC  in  forcing  change  in  trauma  man¬ 
agement  cannot  be  overstated.  Previously,  patients 
were  initially  resuscitated  with  red  cell  concentrates, 
with  attention  being  paid  to  coagulopathy  later. 
Retrospective  data  from  the  US  military  and  civilian 
institutions  described  improved  outcomes  in  those 
administered  fresh  whole  blood  [13,14]  or  fresh 
frozen  plasma,  cryoprecipitate  and  platelets  in  com¬ 
bination  with  red  blood  cells  and  tranexamic  acid 
(TXA),  with  limitation  of  colloid  or  crystalloid  infu¬ 
sions  [13,15-19];  a  practice  known  as  'haemostatic 
resuscitation'  [20].  It  may  be  that  current  transfu¬ 
sion  strategies  can  be  improved  to  further  improve 
survival  after  ATC  [21],  and  the  results  of  the 
randomized  controlled  trials  are  awaited  [22].  In 
North  America,  the  difficulty  in  managing  ATC 
has  sparked  a  renewed  interest  in  whole  blood  for 
trauma  resuscitation  [23-26],  In  contrast,  in  some 
European  countries,  fibrinogen  and  other  factor 
concentrates  have  replaced  fresh  frozen  plasma  in 
the  management  of  ATC  [27].  The  empiric  evolution 
of  divergent  clinical  practice  underscores  the  need 
for  a  better  mechanistic  understanding  of  ATC  and 
for  more  clinical  research. 


Table  1.  Suggested  definitions  and  prevalence  of  acute  traumatic  coagulopathy 


Study 

Number  of 
included 
patients 

Definition  of 

ATC 

Average 

ISS 

%  penetrating 
injury 

Time  to 

blood 

sample 

%  of  patients 
with  ATC 

Brohi  et  al.,  2003  [4] 

1088 

PT,  APTT,  TT>1.5x  ULN 

20° 

25 

73  min 

24.4 

Madeod  el  ai,  2003  [5] 

10  790 

APTT  >34s  or  PT  >14s 

9b 

NS 

106  min 

28  PT  8  APTT 

Brohi  el  a/.,  2007  [6] 

208 

PT,  APTT,  TT  >  1 .5x  ULN 

17° 

25 

32  min 

NS 

Chironi  el  ai,  2007  [7] 

88 

INR  >1.6  or  APTT  >60  s  or 
platelets  <  100x1 09/l  or 

Fg  <  lg/l 

_o 

CM 

CM 

NS 

'On  admission' 

28 

Maegele  et  ai, 

2007  [8] 

8724 

Quick's  <70%  or  platelets 
<100x1071 

24b 

4 

69 min  to  admission 

34.2 

Niles  e!  ai,  2008  [9] 

391 

INR  >1.5 

17° 

92 

'On  admission' 

38 

Frith  etai,  2010  [10] 

3646 

PTr  >1 .2 

22° 

10 

60 min  to  admission 

36 

Floccard  et  ai, 

2010  [11] 

45 

ISTH  DIC  score  >1 

25b 

0 

25  min 

56 

Davenport  el  ai, 

201  1  [12] 

300 

ROTEM  EXTEM  CA5  <35  mm 

12° 

21 

77  min 

8  PT  23  CA5 

The  ISTH  DIC  uses  a  five-step  diagnostic  algorithm  to  calculate  a  coagulopathy  score.  Parameters  included  in  the  calculation  include  platelet  count,  fibrinogen, 
PT  and  FDP  levels.  Points  are  assigned  to  each  laboratory  parameter  and  a  final  score  is  determined. 

NS,  not  stated. 

°Median. 

bMean. 

Reproduced  with  permission  [3]. 
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Trauma 


INJURY-RELATED  FACTORS 
CONTRIBUTING  TO  ACUTE  TRAUMATIC 
COAGULOPATHY 

The  following  may  occur  to  varying  degrees  in  each 
individual,  predisposing  to  or  amplifying  ATC. 

Consumption  and  loss 

Coagulation  factors  and  platelets  are  consumed 
during  the  formation  of  clots,  as  well  as  lost  from 
the  intravascular  compartment  during  bleeding. 
Anaemia  due  to  red  cell  loss  has  a  major  effect  on 
primary  haemostasis  through  reduction  of  axial 
blood  flow  and  thus  reduction  of  platelet  and 
plasma  margination  to  blood  vessel  walls  and  sites 
of  injury  [28],  such  that  there  is  an  inverse  corre¬ 
lation  between  the  haematocrit  and  in-vitro  bleed¬ 
ing  time  [29] . 

Dilution 

Autodilution  results  from  reversal  of  Starling  forces 
and  consequent  shifts  of  interstitial  fluid  into  the 
vascular  compartment.  Dilution  is  aggravated  by 
replacement  of  lost  whole  blood  with  crystalloid, 
colloid  and  red  cell  transfusion.  The  volume  of  fluid 
administered  both  in  vitro  and  in  vivo  is  proportional 
to  the  resultant  coagulopathy  [8,30]. 

Hormonal  and  cytokine-induced  changes 

Following  tissue  injury,  levels  of  cytokines  and  hor¬ 
mones,  such  as  adrenaline  and  vasopressin,  rise,  and 
cytokine,  hormone  and  thrombin  production  lead 
to  endothelial  cell  activation  (ECA)  [31].  Vasopressin 
stimulates  production  of  tissue  plasminogen  activa¬ 
tor  (t-PA)  and  Weibel  Palade  body  release,  which 
increases  von  Willebrand  factor  levels  and  expression 
of  P-selectin  on  the  endothelium,  enhancing  platelet 
recruitment.  Cytokines,  such  as  TNF  and  IL-1,  as  well 
as  thrombin  and  continued  hypoxia,  cause  ECA 
and  effect  a  slow  change  in  endothelial  cell  pheno¬ 
type  from  antithrombotic  to  prothrombotic,  which 
in  inadequately  resuscitated  patients  leads  to  DIC. 
ECA  downregulates  thrombomodulin  and  fibri¬ 
nolysis  (PAI-1  levels  increase),  causes  cleavage  of 
glycosaminoglycans  from  the  cell  surface,  limiting 
activation  of  antithrombin,  increases  platelet-acti¬ 
vating  factor  production,  increases  endothelial  per¬ 
meability  and  in  vitro  upregulates  the  expression  of 
tissue  factor  (TF)  [31,32], 

Hypoxia,  acidosis  and  hypothermia 

This  triad  predisposes  to  bleeding  by  impairing  the 
function  of  platelets  and  coagulation  proteases 


while  increasing  fibrinolysis  [33].  Hypoxia  exacer¬ 
bates  ECA  and  coagulopathic  changes  are  most  pro¬ 
nounced  once  pH  is  less  than  7.1  [34]  and 
temperatures  less  than  33°C  [35]. 

Immune  system  activation 

Tissue  damage  and  shock  are  associated  with  platelet 
release  of  soluble  CD40  ligand,  a  potent  immune 
activator  [36'].  Immune  stimulation,  including 
complement  activation,  is  associated  with  release 
of  damage-associated  molecular  patterns,  such  as 
mitochondrial  damage-associated  molecular  pat¬ 
terns  and  histone-complexed  DNA  [37,38'] .  Immune 
activation  can  aggravate  tissue  damage  through 
mechanisms  including  proteolytic  degradation  and 
oxidative  stress,  thus  amplifying  coagulation  activa¬ 
tion. 

CHARACTERIZATION  OF  ACUTE 
TRAUMATIC  COAGULOPATHY 

In  two  large  observational  studies,  one-quarter  of 
trauma  patients  had  prolongation  of  an  APTT  and/ 
or  PT  at  admission  which  was  independently  associ¬ 
ated  with  bleeding  and  death  [3].  ATC  was  found  in 
patients  who  received  little  or  no  intravenous  fluid 
therapy,  negating  the  long-held  belief  that  iatro¬ 
genic  haemodilution  is  the  main  causative  factor 
in  traumatic  coagulopathy  [6,10,12,39].  Fibrinolysis 
also  appears  to  play  an  important  role  in  contribu¬ 
ting  to  traumatic  coagulopathy  [40,41'J,  as 
suggested  by  the  reduction  in  mortality  due  to  use 
of  TXA  in  CRASH-2  [42,43], 

Much  of  the  work  characterizing  ATC  has  been 
based  on  standard  plasma-based  tests  resulting  in 
definitions  based  on  abnormal  APTT,  PT,  TT,  INR  or 
PTr,  low  platelet  count,  low  fibrinogen  level  or  an 
ISTH  DIC  score  of  at  least  1-4  (nonovert  DIC)  or  >  5 
(overt  DIC)  (Table  2)  [3,40,44-47],  including  a 
description  of  the  ISTH  DIC  score.  Viscoelastic  tests 
have  been  used  to  identify  ATC  [12],  but  there  is  no 
universally  accepted  assay  or  definition. 

PATHOPHYSIOLOGY  OF  ACUTE 
TRAUMATIC  COAGULOPATHY 

Conceptually,  it  seems  ATC  is  due  to  massive  stimu¬ 
lation  of  coagulation  and  fibrinolysis  by  damaged 
tissues.  Tissue  damage  per  se  leads  to  exposure  of  the 
subendothelial  matrix,  which  contains  TF,  driving 
localized  coagulation,  and  collagen  which  binds  to 
platelet  glycoprotein  VI  and  vWF  -  glycoprotein  lb, 
causing  platelet  activation.  In  keeping  with  this 
hypothesis,  reduced  clotting  factor  and  physiologi¬ 
cal  anticoagulant  levels  (range  35-98%)  [11,48,49] 
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Table  2.  Visco  elastic  parameters  used  by  different  authors  to  define  fibrinolysis 


Study 

TEG  or 

ROTEM 

Value 

used 

Normal 
range  (%) 

Clinical 

setting 

Prevalence  of  TEG 
hyperfibrinolysis  (%) 

Levrat  et  a/.,  2008  [44] 

ROTEM 

LI30  LI 60 

<2  <43 

Trauma 

6 

Carroll  el  a/.,  2009  [45] 

TEG 

LY60 

<15 

Trauma 

2 

Kashuk  etal.,  2010  [40] 

rTEG 

LY60 

<15 

Trauma 

18 

Tauber  etal.,  201  1  [46] 

ROTEM 

LI60 

>85 

Trauma 

7.3 

Ostrowski  etal.,  2011  [47] 

TEG 

Lys30 

<8 

Trauma 

1 

LI30  or  LI60,  percentage  of  maximum  clot  strength  present  at  30  or  60  min;  LY60,  percentage  fibrinolysis  after  60  min;  Lys30,  decrease  in  maximal  amplitude 
over  30  min  after  the  maximal  amplitude  has  been  reached;  ROTEM,  rotational  tbrombelastometry  (TEM  International,  GmbH,  Munich,  Germany);  r-TEG,  rapid 
TEG;  TEG,  (TEG;  Haemoscope  Corp,  Niles,  Illinois,  USA). 

Reproduced  with  permission  [3]. 


and  high  thrombin-generating  capacity  [6,11,39, 
50-52],  as  well  as  moderately  reduced  platelet 
counts  [5,52]  are  found,  that  is,  a  consumptive 
coagulopathy.  The  most  consumed  coagulation 
factors  following  injury  are  fibrinogen  and  factor 
V  [48,53],  which  are  likely  due,  in  part,  to  inacti¬ 
vation  by  activated  protein  C  (aPC)  or  free  plasmin 
[54,55],  although  the  relative  contributions  of  each 
are  uncertain. 

Thrombin  is  a  central  molecule  in  haemostasis  - 
its  generation  not  only  converts  fibrinogen  to  fibrin, 
resulting  in  fibrin  strand  formation,  but  it  also  acti¬ 
vates  platelets,  leukocyctes  and  endothelium. 
Thrombin  stimulates  the  production  of  t-PA  from 
the  endothelium,  an  effect  previously  known  as 
secondary  fibrinolysis.  Stimulation  of  t-PA  release 
from  the  endothelium  by  other  factors,  such  as 
hypoxia,  adrenaline  and  vasopressin,  is  known  as 
primary  fibrinolysis.  High  t-PA  levels  are  reported  in 
coagulopathic  trauma  patients  [6,52],  In  addition, 
when  bound  to  the  endothelial  receptor  thrombo¬ 
modulin,  thrombin  activates  protein  C. 

It  has  been  argued  that  aPC  is  a  major  driver 
of  ATC  through  its  cleavage  of  factors  Va  and 
Villa,  as  well  as  binding  of  PAI-1,  thereby  possibly 
controlling  fibrinolysis  [12,39,54],  This  mecha¬ 
nism  is  problematic  for  several  reasons.  Firstly, 
both  platelet  and  plasma  factor  Va  pools  are  resist¬ 
ant  to  aPC  cleavage  at  concentrations  of  aPC 
relevant  to  either  ATC  or  even  pharmacologic  dos¬ 
ing  of  recombinant  human  aPC  in  sepsis  [56“]. 
Furthermore,  a  normal  platelet  concentration  of 
200  000/mm  *  was  able  to  eliminate  aPC  anticoa¬ 
gulant  effects  at  suprapathophysiologic  concen¬ 
trations  of  aPC.  In  this  study,  aPC  had  no 
discernable  effect  on  fibrinolysis  in  the  presence 
or  absence  of  platelets  [56"]-  Secondly,  PAI-1  is 
a  potent  inhibitor  of  aPC  in  the  presence  of  the 
ubiquitous  glycoprotein,  vitronectin  [57].  It  has 
been  hypothesized  that  the  binding  and  inacti¬ 
vation  of  aPC  by  the  vitronectin/PAI-1  complex 


could  lead  to  PAI-1  depletion  and  thus  promotion 
of  fibrinolysis.  This  is  unlikely  given  that  PAI-1 
circulates  at  roughly  10  times  higher  concen¬ 
trations  than  aPC  [58,59].  Furthermore,  catalytic 
aPC  neutralization  of  PAI-1  is  a  goal  of  pharmaco¬ 
logic  manipulation,  not  likely  a  primary  physio¬ 
logic  function  of  aPC  [60,61],  We  argue  that  it  is 
the  enormously  increased  production  of  t-PA,  sec¬ 
ondary  to  adrenaline,  vasopressin  and  thrombin, 
not  failure  of  inhibition  which  drives  fibrinolysis 
during  ATC. 

After  the  immediate  haemostatic  effects  resulting 
from  tissue  injury,  further  changes  are  orchestrated 
by  ECA.  As  mentioned,  thrombin  and  various  cyto¬ 
kines  cause  ECA,  as  do  hypoxia  and  hypoperfu¬ 
sion  [62],  The  importance  of  hypoperfusion  in  the 
pathogenesis  of  ATC  has  come  from  patient  data 
[9,10,39,40,49,63,64]  animal  models,  such  as  the 
rat  trauma  model  [10,63]  and  in-vitro  data  [62,64]. 
These  studies  show  that  as  shock  indices  increase  (as 
measured  by  base  deficit)  the  PT,  PTr  and  INR  values 
rise  [4,10,12,61,62]  and  coagulation  factor  levels 
fell  [10,62].  The  largest  of  these  studies  (n  =  3646) 
showed  that  ATC  (PTr  >1.2)  was  only  evident  with 
significant  hypoperfusion  (base  deficit  >6  mmol/1) 
combined  with  severe  injury  (ISS  >15)  [10]. 

The  importance  of  fibrinolysis  in  ATC  has  come 
to  the  fore  recently,  for  CRASH-2  reported  a  one- 
third  reduction  in  bleeding  mortality  in  trauma 
patients  given  TXA,  a  competitive  inhibitor  of  plas¬ 
minogen  activation  [42,43].  Other  clinical  data  have 
shown  that  the  degree  of  fibrinolysis  is  correlated 
with  transfusion  requirement  [44]  and  mortality 
[44,65-68].  A  sensitive  marker  of  fibrinolysis  is  plas- 
min-antiplasmin  complex,  and  levels  are  increased 
in  nearly  60%  of  trauma  patients  [68].  Increased 
plasmin  generation  and  fibrin  products  [69],  such 
as  D-dimers,  [6,7,39,49,65,70]  are  found  in  bleeding 
trauma  patients. 

As  time  from  injury  increases,  the  proth- 
rombotic  effects  of  ECA  gradually  predominate, 
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especially  if  hypoxia  and  acidosis  continue.  This 
is  partly  mediated  by  release  of  phosphatidylser- 
ine-positive  microparticles  [71];  the  endothelium 
switches  from  a  net  production  of  t-PA  to  a  net 
production  of  PAI-1  [6,7,52,72].  A  thrombotic  coa¬ 
gulopathy  and  fibrinolytic  shutdown  ensues,  thus 
probably  explaining  why  treatment  at  this  stage 
with  an  antifibrinolytic  may  worsen  outcome  [43] . 

Platelets  play  a  central  role  in  both  primary 
haemostasis  and  the  widely  accepted  cell-based 
model  of  coagulation.  Platelets  are  resistant  to  col¬ 
lagen,  ADP  and  arachidonic  acid  stimulation  follow¬ 
ing  trauma  [73,74].  This  platelet  dysfunction,  still  of 
unclear  cause,  likely  explains  the  many  observations 
of  improved  outcomes  associated  with  platelet 
transfusion  despite  platelet  counts  previously 
thought  to  be  adequate  [75-77].  Indeed,  it  appears 
that  lower  admission  platelet  count  predicts 
mortality  even  within  the  normal  range  [78].  There 
is  a  suggestion  that  transfused  platelet  quality  may 
be  a  determinant  of  trauma  outcome  [79]. 

Microparticles  derived  from  blood  and  endo¬ 
thelial  cells  contribute  to  normal  haemostasis.  TF 
and  thus  fibrin  incorporation  into  clots  is  depend¬ 
ent  on  the  interaction  between  P-selectin  glyco¬ 
protein  ligand  1/TF-bearing  microparticles  from 
leukocytes  and  P-selectin  on  platelets  adherent  to 
damaged  tissue  [80],  Procoagulant  microparticle 
production  increases  in  trauma  [81]  and  contributes 
to  prothrombotic  changes  [82]. 

It  has  been  argued  by  some  that  the  initial 
picture  seen  in  ATC  is  due  to  DIC  [52,83].  However, 
although  the  early  coagulation  screen  changes  of 
ATC  may  resemble  DIC  resulting  in  a  positive  ISTH 
DIC  score,  there  is  no  evidence  of  inappropriate 
disseminated  clot  formation  on  histological  exam¬ 
ination  [84]  -  clot  formation  occurs  only  at  the  site 
of  injury,  so  by  definition  early  ATC  is  not  DIC. 

THE  CLINICAL  IMPORTANCE  OF 
IDENTIFYING  COAGULOPATHY 

The  hypothesis  that  the  extent  of  coagulation  acti¬ 
vation  will  relate  to  the  degree  by  which  blood  is 
exposed  to  TF  on  damaged  tissues  is  supported  by 
data  showing  that  the  severely  injured  are  more 
likely  to  have  ATC  [4],  have  haemorrhagic  shock 
[39],  require  transfusion  support  [61]  and  are  most  at 
risk  of  worsening  coagulopathy  and  death  [3,85,86]. 

Prediction  of  coagulopathy 

A  variety  of  scoring  systems  have  been  published 
for  adults  and  children  with  injury,  which  aim  to 
predict  which  patients  will  develop  severe  haemor¬ 
rhage  and  thus  shift  clinical  management  from  a 


reactive  to  a  proactive  approach  [87-92].  None  of 
the  scoring  systems,  however,  have  the  sensitivity  to 
identify  all  patients  at  risk  of  coagulopathy  and 
massive  blood  loss;  any  patient  with  major  injury 
should  therefore  be  assumed  to  be  at  risk  [91J. 

METHODS  FOR  ACUTE  TRAUMATIC 
COAGULOPATHY  DIAGNOSIS  AND 
MONITORING  OF  HAEMOSTATIC 
CHANGES 

Standard  laboratory  tests 

These  include  PT-based  assays  (PT,  PTr  and  INR), 
APTT  and  Clauss  fibrinogen.  The  PT/INR  has  been 
suggested  as  the  more  sensitive  test  to  the  multiple 
coagulation  factor  deficiencies,  and  therefore  a  bet¬ 
ter  marker  of  ATC  [53].  The  current  advantages  of 
using  standard  tests  are  that  every  laboratory  can 
provide  these  results;  they  have  a  use  in  guiding 
plasma  product  administration  and  predicting 
mortality  [9]. 

Originally,  the  PT  and  APTT  tests  were  designed 
to  evaluate  clotting  factor  deficiencies,  not  acquired 
coagulopathy,  and  are  not  predictors  of  later  bleed¬ 
ing  in  these  circumstances  [93] .  Moreover,  they  do 
not  evaluate  platelet  number  and  function,  fibrinol¬ 
ysis,  thrombin  generation  or  the  interactions 
between  coagulation  proteases  and  phospholipid 
surfaces.  Furthermore,  turnaround  times  from 
sampling  to  obtaining  results  from  the  routine 
laboratory  may  be  over  an  hour  [12],  It  is  for  these 
reasons  that  plasma-based  coagulation  tests  have 
limited  value  in  the  immediate  management  of 
ATC,  but  they  do  have  a  major  value  in  longitudinal 
monitoring  during  ongoing  bleeding  to  guide  the 
use  of  appropriate  blood  components. 

Viscoelastic  tests 

Increasingly,  TEG  and  ROTEM  are  being  used  in  the 
trauma  setting  [46,65,68,73].  Overall,  minimally 
injured  patients  tend  to  have  normal  traces,  and 
moderate  or  severe  trauma  may  be  associated  with 
TEG  changes  [65,71,94].  TEG  and  ROTEM  have  a 
role  in  the  assessment  of  severe  fibrinolytic  activity 
but  are  not  sensitive  enough  to  detect  more  limited 
lytic  activity  [69],  Increased  fibrinolytic  activity, 
when  detected  by  viscoelastic  testing,  is  associated 
with  a  poor  prognosis.  Schochl  et  al.  [67]  and  other 
authors  arbitrarily  used  the  term  'hyperfibrinolysis' 
for  lysis  greater  than  a  certain  maximal  amplitude 
on  ROTEM  testing  (Schochl  uses  15%).  However, 
confusion  has  arisen  with  this  TEG/ROTEM-associ- 
ated  terminology  because  traditionally  hyperfibri¬ 
nolysis  describes  a  situation  in  which  fibrinolytic 
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activity  is  greater  than  fibrin  formation,  clot  integ¬ 
rity  is  threatened,  and  there  is  clot  breakdown  [45] 
rather  than  a  loose  term  used  simply  to  describe 
increased  evidence  of  fibrinolysis  (Table  2).  There¬ 
fore,  there  is  a  suggestion  that  the  term  'TEG  hyper¬ 
fibrinolysis'  be  used  in  relation  to  the  TEG 
viscoelastic  measurements  [95]. 

There  is  as  yet  no  agreed  viscoelastic  definition 
of  ATC,  although  the  changes  seen  include  the 
following:  increases  in  clotting  time  and  clot  for¬ 
mation  time,  and  reduction  in  clot  amplitude  and 
maximal  clot  amplitude  [12,47,63,67].  One  study 
[12]  using  ROTEM  reported  an  EXTEM  CA5  (clot 
amplitude  at  5  min)  value  of  <36  mm  as  diagnostic 
of  ATC.  Another  study  [95]  suggests  that  TEG  or 
ROTEM  A10  correlates  best  with  platelet  count  and 
fibrinogen  level  and  predicted  transfusion  needs. 
Advocates  for  viscoelastic  testing  argue  that  the 
ability  to  distinguish  different  haemostatic  abnor¬ 
malities  provides  a  means  of  individualizing  coagu¬ 
lation  management  [44,68,96].  However,  there  are 
no  validated  ROTEM  and  TEG  algorithms  in  trauma 
and  external  quality  assurance  schemes  are  at  an 
early  stage.  As  with  standard  laboratory  tests,  vis¬ 
coelastic  tests  are  routinely  performed  at  37°C,  and 
results  will  underestimate  coagulation  disturbances 
in  a  hypothermic  patient. 

CONCLUSION 

Despite  the  many  advances  in  our  understanding  of 
ATC  in  the  last  decade,  further  clinical  observational 
studies  are  required  to  further  our  understanding  of 
the  pathophysiology  of  traumatic  coagulopathy  and 
thus  inform  the  direction  of  future  studies  to 
improve  haemostatic  management  and  outcome. 

Acknowledgements 

None. 

Conflicts  of  interest 

Disclaimer:  The  opinions  or  assertions  contained  herein 
are  the  private  views  of  the  authors  and  are  not  to  be 
construed  as  official  or  as  reflecting  the  views  of  the  US 
Department  of  the  Army  or  the  US  Department  of 
Defense. 

Neither  author  has  any  conflicts  of  interest  to  declare. 

REFERENCES  AND  RECOMMENDED 
READING 

Papers  of  particular  interest,  published  within  the  annual  period  of  review,  have 
been  highlighted  as: 

■  of  special  interest 
■■  of  outstanding  interest 

1.  WHO.  World  Health  Organisation.  Global  Health  Indicators.  2011.  http:// 
www.who.int/whosis/whostat/EN  WHS201 1  Part2.pdf. 


2.  Eastridge  BJ,  Mabry  RL,  Seguin  P,  etal.  Death  on  the  battlefield  (2001  201 1 ): 
implications  for  the  future  of  combat  casualty  care.  J  Trauma  Acute  Care  Surg 
2012;  73  (Suppl  5):S431  S437. 

3.  Curry  NS,  Davenport  RA,  Hunt  BJ,  Stanworth  SJ.  Transfusion  strategies  for 
traumatic  coagulopathy.  Blood  Rev  2012;  26:223  232. 

4.  Brohi  K,  Singh  J,  Heron  M,  Coats  T.  Acute  traumatic  coagulopathy.  J  Trauma 
2003;54:1127  1130. 

5.  MacLeod  JB,  Lynn  M,  McKenney  MG,  et  al.  Early  coagulopathy  predicts 
mortality  in  trauma.  J  Trauma  2003;  55:39  44. 

6.  Brohi  K,  Cohen  MJ,  Ganter  MT,  et  al.  Acute  coagulopathy  of  trauma: 
hypoperfusion  induces  systemic  anticoagulation  and  hyperfibrinolysis.  J  Trau 
ma  2008;  64:1211  1217. 

7.  Chironi  GN,  Boulanger  CM,  Simon  A,  et  al.  Endothelial  microparticles  in 
diseases.  Cell  Tissue  Res  2009;  335:143  151. 

8.  Maegele  M,  Lefering  R,  Yucel  N,  etal.  Early  coagulopathy  in  multiple  injury:  an 
analysis  from  the  German  Trauma  Registry  on  8724  patients.  Injury  2007; 
38:298  304. 

9.  Niles  SE,  McLaughlin  DF,  Perkins  JG,  et  al.  Increased  mortality  associated 
with  the  early  coagulopathy  of  trauma  in  combat  casualties.  J  Trauma  2008; 
64:1459  1465. 

1 0.  Frith  D,  Goslings  JC,  Gaarder  C,  et  al.  Definition  and  drivers  of  acute  traumatic 
coagulopathy:  clinical  and  experimental  investigations.  J  Thromb  Haemost 
2010;  8:1919  1925. 

11.  Floccard  B,  Rugeri  L,  Faure  A,  etal.  Early  coagulopathy  in  trauma  patients:  an 
on  scene  and  hospital  admission  study.  Injury  201  2;  43:26  32. 

12.  Davenport  R,  Manson  J,  De’Ath  H,  et  al.  Functional  definition  and  character 
ization  of  acute  traumatic  coagulopathy.  Crit  Care  Med  2011;  39:2652 
2658. 

13.  Spinella  PC,  Holcomb  JB.  Resuscitation  and  transfusion  principles  for  trau 
matic  hemorrhagic  shock.  Blood  Rev  2009;  23:231  240. 

14.  Perkins  JG,  Cap  AP,  Spinella  PC,  et  al.,  31st  Combat  Support  Hospital 
Research  Group.  Comparison  of  platelet  transfusion  as  fresh  whole  blood 
versus  apheresis  platelets  for  massively  transfused  combat  trauma  patients 
(CME).  Transfusion  201 1 ;  51 :242  252. 

15.  Borgman  MA,  Spinella  PC,  Perkins  JG,  et  al.  The  ratio  of  blood  products 
transfused  affects  the  mortality  in  patients  receiving  massive  transfusions  at  a 
combat  support  hospital.  J  Trauma  2007;  63:805  813. 

16.  Pidcoke  HF,  Aden  JK,  Mora  AG,  et  al.  Ten  year  analysis  of  transfusion  in 
Operation  Iraqi  Freedom  and  Operation  Enduring  Freedom:  increased  plasma 
and  platelet  use  correlates  with  improved  survival.  J  Trauma  Acute  Care  Surg 
2012;  73  (Suppl  5):S445  S452. 

17.  Spahn  DR,  Bouillon  B,  Cerny  V,  et  al.  Management  of  bleeding  and  coagulo 
pathy  following  major  trauma:  an  updated  European  guideline.  Crit  Care 
201 3;  1  7:R76. 

1 8.  Rourke  C,  Curry  N,  Khan  S,  etal.  Fibrinogen  levels  during  trauma  hemorrhage, 
response  to  replacement  therapy,  and  association  with  patient  outcomes.  J 
Thromb  Haemost  2012;  10:1342  1351. 

19.  Morrison  JJ,  Ross  JD,  Dubose  JJ,  et  al.  Association  of  cryoprecipitate  and 
tranexamic  acid  with  improved  survival  following  wartime  injury:  findings  from 
the  MATTERS  II  Study.  JAMA  Surg  2013;  148:218  225. 

20.  Johansson  PI,  Stensballe  J.  Hemostatic  resuscitation  for  massive  bleeding: 
the  paradigm  of  plasma  and  platelets  a  review  of  the  current  literature. 
Transfusion  2010;  50:701  710. 

21.  Khan  S,  Brohi  K,  Chana  M,  et  al.,  International  Trauma  Research  Network 
(INTRN).  Hemostatic  resuscitation  is  neither  hemostatic  nor  resuscitative  in 
trauma  hemorrhage.  J  Trauma  Acute  Care  Surg  2014;  76:561  567. 

22.  Holcomb  JB,  Pati  S.  Optimal  trauma  resuscitation  with  plasma  as  the  primary 
resuscitative  fluid:  the  surgeon's  perspective.  Hematology  Am  Soc  Hematol 
Educ  Program  2013;  2013:656  659. 

23.  Spinella  PC,  Reddy  HL,  Jaffe  JS,  etal.  Fresh  whole  blood  use  for  hemorrhagic 
shock:  preserving  benefit  while  avoiding  complications.  Anesth  Analg  201 2; 
115:751  758. 

24.  Cotton  BA,  Podbielski  J,  Camp  E,  et  al.,  Early  Whole  Blood  Investigators.  A 
randomized  controlled  pilot  trial  of  modified  whole  blood  versus  component 
therapy  in  severely  injured  patients  requiring  large  volume  transfusions.  Ann 
Surg  2013;  258:527  532. 

25.  Murdock  AD,  Berseus  O,  Hervig  T,  et  al.  Whole  blood:  the  future  of  traumatic 
hemorrhagic  shock  resuscitation.  Shock  2014;  41  (Suppl  1):62  69. 

26.  Cap  AP.  The  school  of  hard  knocks:  what  we’ve  learned  and  relearned 
about  transfusion  in  a  decade  of  global  conflict.  Transfus  Med  2014; 
24:135  137. 

27.  Fries  D,  Innerhofer  P,  Perger  P,  et  al.  Coagulation  management  in  trauma 
related  massive  bleeding.  Recommendations  of  the  Task  Force  for  Coagula 
tion  (AGPG)  of  the  Austrian  Society  of  Anesthesiology,  Resuscitation  and 
Intensive  Care  Medicine  (OGARI).  Anasthesiol  Intensivmed  Notfallmed 
Schmerzther  201 0;  45:552  561. 

28.  Valeri  CR,  Khuri  S,  Ragno  G.  Nonsurgical  bleeding  diathesis  in  anemic 
thrombocytopenic  patients:  role  of  temperature,  red  blood  cells,  platelets, 
and  plasm  clotting  proteins.  Transfusion  2007;  47:S206  S248. 

29.  Eugster  M,  Reinhart  WH.  The  influence  of  the  haematocrit  on  primary 
haemostasis  in  vitro.  Thromb  Haemost  2005;  94:1213  1218. 

30.  Bolliger  D,  Szlam  F,  Molinaro  RJ,  etal.  Finding  the  optimal  concentration  range 
for  fibrinogen  replacement  after  severe  haemodilution:  an  in  vitro  model.  Br  J 
Anaesth  2009;  102:793  799. 


1070  5295  ©  2014  Wolters  Kluwer  Health  |  Lippincott  Williams  &  Wilkins  WWW.CO-criticalcare.com  643 

Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Trauma 


31.  Hunt  BJ,  Jurd  KM.  Endothelial  cell  activation.  BMJ  1998;  316:1328  1329. 

32.  Johansson  PI,  Sorensen  AM,  Perner  A,  et  al.  Disseminated  intravascular 
coagulation  or  acute  coagulopathy  of  trauma  shock  early  after  trauma?  A 
prospective  observational  study.  Crit  Care  201 1 ;  15:R272. 

33.  Dirkmann  D,  Radu  Berlemann  J,  Gorlinger  K,  Peters  J.  Recombinant  tissue 
type  plasminogen  activator  evoked  hyperfibrinolysis  is  enhanced  by  acidosis 
and  inhibited  by  hypothermia  but  still  can  be  blocked  by  tranexamic  acid.  J 
Trauma  Acute  Care  Surg  2013;  74:482  488. 

34.  Martini  WZ,  Pusateri  AE,  Uscilowicz  JM,  et  al.  Independent  contributions  of 
hypothermia  and  acidosis  to  coagulopathy  in  swine.  J  Trauma  2005; 
58:1002  1009. 

35.  Wolberg  AS,  Meng  ZH,  Monroe  DM  3rd,  Hoffman  M.  A  systematic  evaluation 
of  the  effect  of  temperature  on  coagulation  enzyme  activity  and  platelet 
function.  J  Trauma  2004;  56:1  221  1 228. 

36.  Johansson  PI,  Windelov  NA,  Rasmussen  LS,  et  al.  High  sCD40L  levels  early 

■  after  trauma  are  associated  with  enhanced  shock,  sympathoadrenal  activa 
tion,  tissue  and  endothelial  damage,  coagulopathy  and  mortality.  J  Thromb 
Haemost  2012;  10:207  216. 

Novel  findings  suggesting  sCD40L  may  mediate  and/or  be  a  product  of  tissue  and 

endothelial  damage. 

37.  Zhang  Q,  Raoof  M,  Chen  Y,  et  al.  Circulating  mitochondrial  DAMPs  cause 
inflammatory  responses  to  injury.  Nature  2010;  464:104  107. 

38.  Johansson  PI,  Sorensen  AM,  Perner  A,  et  al.  Blood  levels  of  histone  com 

■  plexed  DNA  fragments  are  associated  with  coagulopathy,  inflammation  and 
endothelial  damage  early  after  trauma.  J  Emerg  Trauma  Shock  201 3;  6:1  71 
175. 

Increased  histone  complexed  DNA  fragments  were  associated  with  ISS  and 

markers  of  hyperfibrinolysis. 

39.  Brohi  K,  Cohen  MJ,  Ganter  MT,  et  al.  Acute  traumatic  coagulopathy:  initiated 
by  hypoperfusion:  modulated  through  the  protein  C  pathway?  Ann  Surg 
2007;245:812  818. 

40.  Kashuk  JL,  Moore  EE,  Sawyer  M,  et  al.  Primary  fibrinolysis  is  integral  in  the 
pathogenesis  of  the  acute  coagulopathy  of  trauma.  Ann  Surg  2010; 
252:434  444. 

41.  Raza  I,  Davenport  R,  Rourke  C,  et  al.  The  incidence  and  magnitude  of 

■  fibrinolytic  activation  in  trauma  patients.  J  Thromb  Haemost  2013; 
11:307  314. 

Detailed  investigation  of  fibrinolysis  in  trauma  patients. 

42.  Shakur  H,  Roberts  I,  Bautista  R,  etal.,  CRASH  2  trial  collaborators.  Effects  of 
tranexamic  acid  on  death,  vascular  occlusive  events,  and  blood  transfusion  in 
trauma  patients  with  significant  haemorrhage  (CRASH  2):  a  randomised, 
placebo  controlled  trial.  Lancet  2010;  376:23  32. 

43.  Roberts  I,  Shakur  H,  Afolabi  A,  etal.,  CRASH  2  collaborators.  The  importance 
of  early  treatment  with  tranexamic  acid  in  bleeding  trauma  patients:  an 
exploratory  analysis  of  the  CRASH  2  randomised  controlled  trial.  Lancet 
2011;377:1096  1101. 

44.  Levrat  A,  Gros  A,  Rugeri  L,  et  al.  Evaluation  of  rotation  thrombelastography  for 
the  diagnosis  of  hyperfibrinolysis  in  trauma  patients.  Br  J  Anaesth  2008; 
100:792  797. 

45.  Carroll  RC,  Craft  RM,  Langdon  RJ,  et  al.  Early  evaluation  of  acute  traumatic 
coagulopathy  by  thromboelastography.  Transl  Res  2009;  154:34  39. 

46.  Tauber  H,  Innerhofer  P,  Breitkopf  R,  etal.  Prevalence  and  impact  of  abnormal 
ROTEM  assays  in  severe  blunt  trauma:  results  of  the  ‘Diagnosis  and  Treat 
ment  of  Trauma  Induced  Coagulopathy  (DIA  TRE  TIC)  study’.  Br  J  Anaesth 
2011;107:378  387. 

47.  Ostrowski  SR,  Sorensen  AM,  Larsen  CF,  Johansson  PI.  Thrombelastography 
and  biomarker  profiles  in  acute  coagulopathy  of  trauma:  a  prospective  study. 
Scand  J  Trauma  Resusc  Emerg  Med  201 1 ;  19:64. 

48.  Jansen  JO,  Scarpelini  S,  Pinto  R,  et  al.  Hypoperfusion  in  severely  injured 
trauma  patients  is  associated  with  reduced  coagulation  factor  activity.  J 
Trauma  201 1 ;  71  :S435  S440. 

49.  Shaz  BH,  Winkler  AM,  James  AB,  et  al.  Pathophysiology  of  early  trauma 
induced  coagulopathy:  emerging  evidence  for  hemodilution  and  coagulation 
factor  depletion.  J  Trauma  2011;  70:1 401  1 407. 

50.  Dunbar  NM,  Chandler  WL.  Thrombin  generation  in  trauma  patients.  Transfu 
sion  2009;  49:2652  2660. 

51.  Chandler  W.  Procoagulant  activity  in  trauma  patients.  Am  J  Clin  Pathol  201 0; 
134:90  96. 

52.  Hayakawa  M,  Sawamura  A,  Gando  S,  et  al.  Disseminated  intravascular 
coagulation  at  an  early  phase  of  trauma  is  associated  with  consumption 
coagulopathy  and  excessive  fibrinolysis  both  by  plasmin  and  neutrophil 
elastase.  Surgery  2011;  149:221  230. 

53.  Yuan  S,  Ferrell  C,  Chandler  WL.  Comparing  the  prothrombin  time  INR  versus 
the  APTT  to  evaluate  the  coagulopathy  of  acute  trauma.  Thromb  Res  2007; 
120:29  37. 

54.  Cohen  MJ,  Call  M,  Nelson  M,  et  al.  Critical  role  of  activated  protein  C  in  early 
coagulopathy  and  later  organ  failure,  infection  and  death  in  trauma  patients. 
Ann  Surg  2012;  255:379  385. 

55.  Omar  MN,  Mann  KG.  Inactivation  of  factor  Va  by  plasmin.  J  Biol  Chem  1987; 
262:9759  9765. 

56.  Campbell  JE,  Meledeo  MA,  Cap  AP.  Comparative  response  of  platelet  fV  and 

■■  plasma  fV  to  activated  protein  C  and  relevance  to  a  model  of  acute  traumatic 

coagulopathy.  PLoS  One  2014;  9:e99181. 

Shows  that  APC  is  not  the  driver  of  ATC. 


57.  Rezaie  AR.  Vitronectin  functions  as  a  cofactor  for  rapid  inhibition  of  activated 
protein  C  by  plasminogen  activator  inhibitor  1 .  Implications  for  the  mechanism 
of  profibrinolytic  action  of  activated  protein  CJT  J  Biol  Chem.  2001 ; 
276:15567  15570. 

58.  Lijnen  HR.  Pleiotropic  functions  of  plasminogen  activator  inhibitor  1 .  J  Thromb 
Haemost  2005;  3:35  45. 

59.  Griffin  JH1 ,  Fernandez  J  A,  Gale  AJ,  Mosnier  LO.  Activated  protein  C.  J  Thromb 
Haemost  2007;  5  (Suppl  1):73  80. 

60.  Okajima  K,  Koga  S,  Kaji  M,  etal.  Effect  of  protein  C  and  activated  protein  C  on 
coagulation  and  fibrinolysis  in  normal  human  subjects.  Thromb  Haemost 
1990;  63:48  53. 

61.  Komissarov  AA,  Andreasen  PA,  Declerck  PJ,  etal.  Redirection  of  the  reaction 
between  activated  protein  C  and  a  serpin  to  the  substrate  pathway.  Thromb 
Res  2008;  122:397  404. 

62.  Faller  DV.  Endothelial  cell  responses  to  hypoxic  stress.  Clin  Exp  Pharmacol 
Physiol  1999;  26:74  84. 

63.  Darlington  DN,  Craig  T,  Gonzales  MD,  et  al.  Acute  coagulopathy  of  trauma  in 
the  rat.  Shock  2013;  39:440  446. 

64.  Pinksy  DJ,  Yan  SF,  Lawson  C,  et  al.  Hypoxia  and  modification  of  the 
endothelium:  implications  for  regulation  of  vascular  homeostatic  properties. 
Semin  Cell  Biol  1995;  6:283  294. 

65.  Sawamura  A,  Hayakawa  M,  Gando  S,  et  al.  Disseminated  intravascular 
coagulation  with  a  fibrinolytic  phenotype  at  an  early  phase  of  trauma  predicts 
mortality.  Thromb  Res  2009;  124:608  613. 

66.  Schochl  H,  Frietsch  T,  Pavelka  M,  Jambor  C.  Hyperfibrinolysis  after  major 
trauma:  differential  diagnosis  of  lysis  patterns  and  prognostic  value  of  throm 
belastometry.  J  Trauma  2009;  67:125  131. 

67.  Schochl  H,  Nieaber  U,  Hofer  G,  etal.  Goal  directed  coagulation  management 
of  major  trauma  patients  using  thromboelastometry  (ROTEM)  guided  admin 
istration  of  fibrinogen  concentrate  and  prothrombin  complex  concentrate.  Crit 
Care  2010;  14:R55. 

68.  Hunt  BJ,  Raza  I,  Brohi  K.  The  incidence  and  magnitude  of  fibrinolytic  activation 
in  trauma  patients:  a  reply  to  a  rebuttal.  J  Thromb  Haemost  201 3;  1 1 :1 437 
1438. 

69.  Kushimoto  S,  Gando  S,  Saitoh  D,  et  al.  Clinical  course  and  outcome  of 
disseminated  intravascular  coagulation  diagnosed  by  Japanese  Association 
for  Acute  Medicine  criteria.  Comparison  between  sepsis  and  trauma.  Thromb 
Hemost  2008;  1 00:1 099  1 1 05. 

70.  Rugeri  L,  Levrat  A,  David  JS,  etal.  Diagnosis  of  early  coagulation  abnormalities 
in  trauma  patients  by  rotation  thrombelastography.  J  Hemost  Thromb  2007; 
5:289  295. 

71.  Castellino  FJ,  Chapman  MP,  Donahue  DL,  etal.  Traumatic  brain  injury  causes 
platelet  adenosine  diphosphate  and  arachidonic  acid  receptor  inhibition 
independent  of  hemorrhagic  shock  in  humans  and  rats.  J  Trauma  Acute  Care 
Surg  2014;  76:1169  1176. 

72.  Chen  JP,  Rowe  DW,  Enderson  BL.  Contrasting  post  traumatic  serial  changes 
for  D  dimer  and  PAM  in  critically  injured  patients.  Thromb  Res  1998; 
94:175  185. 

73.  Kutcher  ME,  Redick  BJ,  McCreery  RC,  et  al.  Characterization  of 
platelet  dysfunction  after  trauma.  J  Trauma  Acute  Care  Surg  2012;  73: 
13  19. 

74.  Perkins  JG,  Cap  AP,  Spinella  PC,  et  al.  An  evaluation  of  the  impact  of 
apheresis  platelets  used  in  the  setting  of  massively  transfused  trauma 
patients.  J  Trauma  2009;  66  (Suppl  4):S77  S84. 

75.  Zink  KA,  Sambasivan  CN,  Holcomb  JB,  et  al.  A  high  ratio  of  plasma  and 
platelets  to  packed  red  blood  cells  in  the  first  6  hours  of  massive  transfusion 
improves  outcomes  in  a  large  multicenter  study.  Am  J  Surg  2009;  1 97  565 
570. 

76.  Brown  LM,  Call  MS,  Margaret  Knudson  M,  et  al.  A  normal  platelet  count  may 
not  be  enough:  the  impact  of  admission  platelet  count  on  mortality  and 
transfusion  in  severely  injured  trauma  patients.  J  Trauma  2011;  71  (Suppl 
3):S337  S342. 

77.  Stansbury  LG,  Hess  AS,  Thompson  K,  et  al.  The  clinical  significance  of 
platelet  counts  in  the  first  24  hours  after  severe  injury.  Transfusion  2013; 
53:783  789. 

78.  Inaba  K,  Branco  BC,  Rhee  P,  etal.  Impact  of  the  duration  of  plateletstorage  in 
critically  ill  trauma  patients.  J  Trauma  201 1 ;  71:1 766  1773. 

79.  Falati  S,  Liu  Q,  Gross  P,  et  al.  Accumulation  of  tissue  factor  into 
developing  thrombi  in  vivo  is  dependent  upon  microparticle  P  selectin 
glycoprotein  ligand  1  and  platelet  P  selectin.  J  Exp  Med  2003;  197: 
1585  1598. 

80.  Morel  N,  Morel  O,  Petit  L,  et  al.  Generation  of  procoagulant  microparticles  in 
cerebrospinal  fluid  and  peripheral  blood  after  traumatic  brain  injury.  J  Trauma 
2008;  64:698  704. 

81.  Park  MS,  Owen  BA,  Ballinger  BA,  et  al.  Quantification  of  hypercoagulable 
state  after  blunt  trauma:  microparticle  and  thrombin  generation  are  increased 
relative  to  injury  severity,  while  standard  markers  are  not.  Surgery  2012; 
151:831  836. 

82.  Gando  S,  Sawamura  A,  Hayakawa  M.  Trauma,  shock  and  disseminated 
intravascular  coagulation:  lessons  from  the  classical  literature.  Ann  Surg 
2011;  254:10  19. 

83.  Rizoli  S,  Nascimento  B,  Key  N,  etal.  Disseminated  intravascular  coagulopathy 
in  the  first  24  hours  after  trauma:  the  association  between  ISTH  score  and 
anatomopathologic  evidence.  J  Trauma  201 1 ;  71  :S441  S447. 


644  www.co-criticalcare.com  Volume  20  •  Number  6  •  December  2014 

Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Acute  traumatic  coagulopathy  Cap  and  Hunt 


84.  Maegele  M,  Lefering  R,  Wafaisade  A,  et  al.  Trauma  Registry  of  Deutsche 
Gesellschaft  fur  Unfallchirurgie  (TR  DGU).  Revalidation  and  update  of  the 
TASH  score:  a  scoring  system  to  predict  the  probability  for  massive  transfu 
sion  as  a  surrogate  for  life  threatening  haemorrhage  after  severe  injury.  Vox 
Sang  2011;  100:231  238. 

85.  Cancio  LC,  Wade  CE,  West  SA,  Holcomb  JB.  Prediction  of  mortality  and  of 
the  need  for  massive  transfusion  in  casualties  arriving  at  combat  support 
hospitals  in  Iraq.  J  Trauma  2008;  64:S51  S56. 

86.  Maegele  M,  Lefering  R,  Wafaisade  A,  et  al.  Revalidation  and  update  of  the 
TASH  score:  a  scoring  system  to  predict  the  probability  for  massive  transfu 
sion  as  a  surrogate  for  life  threatening  haemorrhage  after  severe  injury.  Vox 
Sang  2011;  100:231  238. 

87.  Ruchholtz  S,  Pehle  B,  Lewan  U,  et  al.  The  emergency  room  transfusion  score 
(ETS):  prediction  of  blood  transfusion  requirement  in  initial  resuscitation  after 
severe  trauma.  Transfus  Med  2006;  16:49  56. 

88.  Schreiber  MA,  Perkins  J,  Kiraly  L,  et  al.  Early  predictors  of  massive 
transfusion  in  combat  casualties.  J  Am  Coll  Surg  2007;  205  541 
545. 


89.  Yucel  N,  Lefering  R,  Maegele  M,  etal.  Trauma  associated  severe  hemorrhage 
(TASH)  score:  probability  of  mass  transfusion  as  surrogate  for  life  threatening 
hemorrhage  after  multiple  trauma.  J  Trauma  2006;  60:1 228  1 237. 

90.  Reed  MJ,  Lone  N,  Walsh  TS.  Resuscitation  of  the  trauma  patient:  tell  me  a 
trigger  for  early  haemostatic  resuscitation  please!  Crit  Care  201 1 ;  15:126. 

91.  Stanworth  SJ,  Morris  TP,  Gaarder  C,  et  al.  Reappraising  the  concept  of 
massive  transfusion  in  trauma.  Crit  Care  2010;  14:R239. 

92.  Dzik  WH.  Predicting  hemorrhage  using  preoperative  coagulation  screening 
assays.  Curr  Hematol  Rep  2004;  3:324  330. 

93.  Johansson  PI,  Stissing  T,  Bochsen  L,  Ostrowski  SR.  Thrombelastography  and 
thromboelastometry  in  assessing  coagulopathy  in  trauma.  Scand  J  Trauma 
Resusc  Emerg  Med  2009;  17:45. 

94.  Hunt  BJ,  Segal  H.  Hyperfibrinolysis.  J  Clin  Pathol  1996;  49:958. 

95.  Meyer  AS  1 ,  Meyer  MA,  Sorensen  AM,  etal.  Thrombelastography  and  rotational 
thromboelastometry  early  amplitudes  in  1 82  trauma  patients  with  clinical 
suspicion  of  severe  injury.  J  Trauma  Acute  Care  Surg  201 4;  76:682  690. 

96.  Kaufmann  CR,  Dwyer  K,  Crews  JD,  et  al.  Usefulness  of  thromboelastography 
in  assessment  of  trauma  patient  coagulation.  J  Trauma  1997;  42:716  722. 


1070  5295  ©  2014  Wolters  Kluwer  Health  |  Lippincott  Williams  &  Wilkins  WWW.CO-criticalcare.com  645 

Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


